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(54) Apparatiia and methods for oompieling a w«llbore 



(57) Apparatus and methods for completing a weO- 
tx>re are disctoeed. Certain of the apparatus and meth- 
ods use a first paclung assembly (202). a second paclc- 
ing assembly (204), and a pressurization assembly 
(206) disposed between the first and second packing 
assemblies to plastically deform a finer ( 1 22) in a racfiatly 
outward direclion via hydraulic pressure. Arwther meth- 
od uees a Hner (602) having a first section (604) and a 
second section (606). and a pacMnq assembly (600). 
The first section (604) isdeformable in a radiaRy ouhward 
direction at a lower pressure than the seoortd section 
(606). The packing assembly (600) is used to plastically 
deform the first section (604) of the liner (602) in a radi- 
ally outward direction via hydraulic pressure. 
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Description 

[0001] Ttie present invention pertains to the comple- 
tion o( wettoores, and, more particularty. but not by way 
of limitation, to improved apparatus and methods for 
oomplating lateral weHbores in multilaterai welis. 
[0002] Horizontal weU drilling and production have be- 
come increasingty important to the oil industry in recent 
years. While horizorttal wells have been known for many 
years, only relatively recently have such wetb been de- 
termined to be a cost-effective altemative to convention- 
al vertical well drilling. Although driHIng a horizontal weB 
usually costs more than Is vertical counterpart, a hori- 
zontal well frequently Impreves production a 'actor of 
five, tea or even twenty In natuiaOy-fractured reser- 
voto. QeneraUy. projected productrnty from a horizontal 
weObore must triple that of a vertical welbore for hori- 
zontal drilling to be economical. This increased produc* 
tion minimizes the number of plaftomis, cutting invest- 
ment, and opemtlon coats. Horizontal drillmg makes 
reservoirs in urban areas. permafrDst zones, and deep 
offshore waters more acceseble. Other appUcattons for 
horizontal weQbores include peripheiy wells, ihin reser- 
voirs that would require too many vertical wetlbores, and 
resenroirs with coning problems in which a horizontal 
weObore kiwere the drawdown per tool of resenK)ir ex- 
poeed to slow down ooning problems. 
[0003] Some weltbores contain multiple weibores ex- 
tending laterally from the main weUbore. These additkxv 
al lateral weflbores are sometimes referred to as drain- 
holes, and main wellbores oontainifig more than one lat- 
eral wellbore are referred to as multtaterat wells. Multi- 
tateral wens aOow an increase in the amount and rate of 
productton by incfeasing the surface area of the wen- 
bore in contact with the resenroir. Thus. muRilateral 
weQs are becoming increasingly IrDportant. both from 
the standpoint of new drilling operatkxie and from the 
re%wortung of existing weHbores. including remedial and 
stimulation work. 

[0004] As a result of the foregoing increased depend- 
ence on and importance of horizoiital welts, horizontal 
wen completion, and parteularty multilateral well com- 
pletion, have been important concerns and continue to 
provkto a host of dtfficult pfot>lems to ovefoome. Lateral 
completion, particubriy at the junction between the main 
and lateral wellboree, is extremely important to avoid 
collapse of the wellbore in unconsofidated or weakly 
consolidated lormatwns. Thus, open hole oomplotions 
are limited to competent rock formations; and, even 
then, open hole connpletions are inadequate since there 
is Iknited control or ability to access (or reenter the lat- 
eral) or to isolate pfoAKXion zones within the welbore. 
Coupled with this need to complete tateral weHbores is 
the growing desire to maintain the lateral wellbore size 
as cbse as poesble to the size of the primary vertfcal 
wellbore for ease of drilling, completnn. and future 
workover. 

(0005] The problem of lateral wellboro (and particu- 



larfy multilateral wellbore) completion has been recog- 
nized for many years, as raftered in the patent litera- 
ture. For example, U.S. Patent No. 4,807.704 disctosos 
a system for completing multiple lateral weHbores using 

5 a dual packer and a deflective guide member. U.S. Pat- 
ent No. 2.797.693 discloses a method for completing lat- 
eral wells using a flexible liner and deflecting tool. U.S. 
Patent No. 2.397,070 similariy describes lateral well- 
bore completion using flexible casing together with a 

10 ckMure shiekJ for closing off the lateral. In U.S. Patent 
No. 2,B5B.107. a removable whipstock assembly pro- 
videe a means for kxating (e.g. accessing) a lateral sub- 
sequent to completkin thereof. U.S. Patent Nos. 
4.396.075; 4.415.205; 4.444.276; and 4.573.541 all re* 

IS ^ generally to methods and devices for multilateral 
complatnns using a template or tube guide head Other 
patents of general Interest in the field of horizontal well 
completkxt include U.S. Patent Nos. 2.452.920 and 
4.402.551. 

20 pooq More recently. U.S. Patent Noe. 5,318.122; 
5.35ae76; 5.388.646; and 5.520.252 have disctosed 
methods and apparatus for seafing the juncture be- 
tween a vertical welt and one or more horizontal weHs. 
In addition. U.S. Patent No. 5.564.503discto6e8 several 

26 rnethods and systenris for drilling and cornpletingniuni- 
lateral wells. Furthennore, U.S. Patent Nos. 5.566.763 
and 5.613,559 both discbse decentralizing, centraliz- 
ing, locating, and orienting apparatus and methods for 
multilateral weD drilling and completton. 

30 {OOQTJ Notwithstanding the above-described efforts 
toward obtaining cost-effective and woricable lateral welt 
drilling and completions, a need stlO exists for improved 
apparatus and methods for complelirig tateral well- 
bores. Toward this end. there also remains a need to 

3S increase the economy in lateral welbore completions, 
such as. for example, by nunimizing the nurnber of 
downhole trips necessary to drill and completo a lateral 
welbore. 

[0OO8] The invention relates to apparatus and meth- 
40 ode for completing a weObore. In one preferred embod- 
iment the apparatus and methods use a first packing as- 
sembly, a second packing assembly, and a pressuriza- 
tion assembly disposed between the first and second 
packing asserrblies to plastically deform a liner in a ra- 
4S dially outward direction Via hydraulic pressure. Another 
preferred embodiment uses a iner having a firet section 
and a second eectkm. and a packing assembly- The first 
eectkxi is defomnable in a radaBy outward directton at 
a tower pressure than the second sectkm. The packing 
so assenbty is used to plastwaOy deform the first sectkm 
of me Kner in a radially outward directkn via hydraulic 
pressure. 

[0009] One aspect ot the present inventton comprises 
a oonpletkxi apparatus for coupling to a woric suing and 
ss tor use within a liner of a welbore. The completton ap- 
paraHis Includes a first packing assembly tor creating a 
flukl ti^ seal against a liner in a wellbore; a second 
packhg assembly for creating a second flukJ tight seal 
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against the Inier. and a preseurization assembly dis* 
posad between the firet and second packing assem- 
blies. 

[0010] In another aspect the present invention com- 
prises a method of completing a wellbore. A Wner is dis- 
posed in a weDbore. A first packing assembly, a pres- 
surizalwn assembly, and a secor>d packing assembly 
are coupled to a work string. The work string is run into 
the liner. A fluki tight seat is created between the first 
packing assembly and the liner, and a fluid tight seal is 
created between the second packing assembly and the 
liner. FlukI is pumped down the work string to the pres- 
surizatkjn assembly. The pressurizatkm asserr^ly and 
fluU are utifized to preesuiize an annulus defined by the 
pressurizatkin assembly, the finer, the first packing as- 
sembly, and the second packing assembly. The pres- 
sure in the annulus Is increased so as to deform the liner 
in a radially outward directkxi. 
[0011] In a further aspect, the present inventnn com- 
prises a method of completing a weltxxe. A finer Is pro- 
vUed having a first sectkxt ar>d a second sectkm. The 
first sectkm is detormable in a radially outward directkan 
at a kwver pressure than the second sectkxi. The finer 
is disposed in a welbore. A packing assembly is coupled 
to a work string, and the work string is nin into the liner. 
A fluid tight seal is created between the packing assem- 
bly and the liner. Fluki is pumped down the work string 
to pressurize an interior of the liner after the packing as- 
sembly. The pressure in the interior of the liner is in- 
creased so as to defomi the first section of the liner in 
a radially outward direction. 
[0012] Reference is now made to the accompanying 
drawings, in whch: 

FtQ. 1 is 8 schematk:, Cfoss-eectksnal view of a por- 
tion of a multitaterat welt Including a junctton be- 
tween the main welBx>re and a lateral weObore; 
FIQ. 2 is a schematk;. cross-sectksnal view of FIG. 
1 showing a portion of the sealing operatton per- 
formed during completnn of the lateral welt}ore; 
FIG. 3 is an enlarged, schemata, cross-sectional, 
fragmentary view of the junctk>n of FIG. 1 showing 
a Bchemat c viewof a first embodiment of an appa- 
ratus for completing the junctkm according to the 
present inventkm; 

RG, 4 is an enlarged, echematk;, cross-sectknal 
view ol a first embodiment of a packing assembly 
of the completion apparaltis of FIG. 3; 
FIG. 5 is an enlarged, schematic, cross-secttonal. 
viewof a second embodiment ol a packing assem- 
bly of the completion apparatus of RG. 3; 
FIQ. 6 is an enlarged, schematic, cross-sectional 
viewof a pressurtzatkm assembly of the completion 
apparatus of FIQ. 3; 

RG. 7 is an enlarged, achematie. top sectional view 
of an alternative embodiment of a lateral liner used 
in connectk>n with the present inventkxi; 
FIG. 6 is an enlarged, schematic, cross-sectional. 



fragmentary viewof the Junction of FIG. 1 showing 
a schematk: view of a second embodknent of a 
packing assembly and a liner for conr^teting the 
juncton according to the present irwentk>n; 
5 FIG. 9A is an enlarged, schematic, cross-sedkral, 
fragmentary view a first embodiment of the liner of 
FIG. 8: 

FIG. 9B is an enlarged, schematk:. cross-sectkmal, 
fragmentary view of a secorvd embodiment of the 
10 liner of FIG. 6; and 

FIG. 10 is an enlarged, schematc. top sectional 
view of a second alternative embodiment of a lateral 
Ikier used in connectkyi with the present inventbn. 

IS [0013] The preferred embodiments of the present in- 
ventkin and their advantages are best understood by re- 
ferring to RGS. 1 -10 of the drawings. ISce numerals be- 
ing used for like and correspondtfig parts of the various 
drawings. In accordance with the present inventkm, var- 
^ k)U8 apparatus and methods for completing lateral weH- 
bores in a multilatera] well are described. It will be ap- 
preciated that the terms "rrialn' or "primary* as used 
herein refer to a main well or wetlbore. whether the main 
well or wellbore is substantially vertical substantially 
2S horizontal, or h between. It wifi also be appreciated that 
the term 'lateral* as used herein refers to a deviation 
welt or wellbore from the main well or welbore, or an- 
other lateral well or wellbore. whether the deviation is 
substantially vertical, substantially horizontal, or in be- 
30 tween. It win further be appreciated that the term Verti- 
caT as used herein refers to a substantially vertbal welt 
or wetbore. and that the temi *horizontal' as used here- 
in refers to a subststfitially horizontal well or welSMxe. 
[0014] In the overall process dealing and completlrtg 
35 a lateral wellbore in a multilateral welt, the foltowinggerv 
eral steps are performed. First, the main weflbore is 
drilled, and the main weObore casing is installed and ce- 
mented into place. Once the desired k)catkxi for a junc- 
tkxi is identified, a window is then created in the main 
40 welbore casing using an orientatkin devk;e. a multilat- 
eral packer, a hoRow whipstock. and a series of mills. 
Next, the lateral weObore is drifted, and a liner is dis- 
posed in the lateral welbore and cemented kito place. 
A mil is then used to drfll through any cement plug at 
^ thetopof the hofiow whipstock and any portton of the 
lateral welbore liner extending kito the main welbore to 
mestablish a fluki communicating bore through the main 
welbore. Fkially. in some lateral wellbores. a window 
bushng is disposed withm the main welltx>re casing, the 
so hollow whipstock, and the muttilaterat packer. The win- 
dow bushk)g facilitates the navigatton of downhole tools 
through the junction between the main wellbore and the 
lateral wefibore. 

[0015] The present inventkxi is related toa portion g4 
5S the above^escribed process, namely the ooinpletionol 
the junction between the main welbore and a lateral 
welbore. However, as described above, certain other 
steps are performed before such a junction may be cono- 
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plated. Referring now lo FIG. 1, an oxemplafy junction 
100 between a main waflbore 102 and a lateral wellbore 
104 is illustrated. Main welbore 102 is drined using con- 
ventional techniques. A main weabore casing 106 is in- 
stalled In main wellbore 102. and cement 108 is dis- 
posed between main wellbore 102 and main wettbore 
casing 106» using conventional techniques. 
[0016] Ashearable work sUing having a window bush- 
ing locating profile 110. an orientation nipple 112. a mul- 
tilateral paclter assen^ly 114. a hollow whipslock 116. 
and a starter mill pilot lug (not shown) is run into main 
wellbore casing 106. Certain portions of such a work 
string are more fully dtsctoeed In U.S. Patent Nos. 
5.613,559; 5,566,763; and 5.501.281. The work string 
Is kwated at the proper depth and orientation within main 
weBbore casing 106 using conventksnal pipe tally and^ 
or gammta ray surveys for depth arxi measurement ¥^Qe 
driQing (MWD) orientalkxi tor azimuth. Packer assembly 
1 1 4 Is set against main welbore casing 106 using slf>s. 
packing elements, and conventioruil hydraulk:. mechan- 
k:al. or hydrauMc and mechanical setting technk^ues. 
[0017] Using technk^ues wore completely descnbed 
In the above-referenced U.S. Patent Noe. 5.613.559; 
5.566.763; and 5.501.281. whipstock 118 is used to 
gukto work strings supporting a variety o< tools and 
equipment to drill and complete lateral well bore 104. 
First, a series of mills, such as a starter milt, a window 
mill, and a watermekxi mill are used to create a window 
120 in main wellbore casing 106. Next, a drilling motor 
is used to drill lateral wellbore 104 from window 120. A 
lateral wellbore Bner 122 is then disposed within lateral 
wellbore 104. and sealant 124 is disposed between lat- 
eral wellbore 104 and liner 122. 
[001 q More specifkrally regaidtng the steps of dis- 
posing and sealing kner 1 22, liner 122 preferably has a 
generally cyfindrical axial bore and a geneiaDy cylindri- 
cal external surface. Uner 122 is preferably made from 
steel, steel alk>y6. plastk:. or other n^erials conventnn- 
ally used for lateral liners. A work string 128 having a 
liner hanger 130. wiper plugs 1 32 and 1 33. and Iher 122 
is run down main wellbore casing 106 until liner 122 is 
deflected by holtow whipstock 1 1 8. This deflectkxi caus- 
es Hner 122 to be disposed In lateral wellbore 104 and 
iunctkxi 100. Uner hanger 1» and wiper plugs 132 and 
133 remabi disposed above window 120. Uner hanger 
130 is then set against main weDbore casing 106 using 
convent kvial technk^oes. 

[0010] RefefringtoFIGS.land2.cementingcf lateral 
wellbore 1 04 may be accompHshed by either one or two- 
stage cementing depending on the length of wellbore 
104. Typk:ally, the length of lateral welbore 104 is such 
that two stage cementing is preferred, in a two-stage 
cementing opeiatton. liner 122 is equipped with a stage 
cementhgtool 138. Stage cementing tool 138 is initially 
in a first positbn that allows fluM oommunicatkxi within 
Hner 1 22 past tool 1 38. but does not allow fluki commu- 
nication from liner 122 into the annukis between liner 
122 and lateral welbore 104. A first stage c4 cement 



124a is pumped dovwi drill string 128 and out a lower 
end 1 36 of finer 1 22. First stage of cement 124a is pref- 
erably a conventional cement or conventional hardena- 
bte resin. Next, a oonventkxnal wiper dart (not shown) is 

5 pumped down drill string 128 to land at wiper plugs 132 
and 133. After landing. appHed pressure releases wiper 
plug 132 and allows it to be pumped down to, arKi seal 
off. k>wer end 136of liner 122. This displacement of wip- 
er plug 132 causes first stage of cement 124a to fkiw 

10 throughout the annulus between liner 122 and latenil 
wellbore 104 up to stage cementing tool 138. An in- 
crease in pressure may be obsen^ed top hole by con- 
ventional pressure measuring devnes upon the landing 
of wiper plug 1 32 in bwer end 1 36. 

IS [0020] Continued applicatwn of pressure moves 
stage cennenting tool 1 38 to a seoond poeitky) that pre- 
vents fluM ccmmunicaUon wMhIn liner 1 22 past stage ce- 
n)enting tool 138. but allows fluU communkatksn from 
liner 122 into tfie annuhis between liner 122 and lateral 

20 welbore 104. A second stage of sealant 124b is then 
pumped down drill string 128 and into liner 122. Next, a 
second wiper dart (not shown) is pumped down driD 
string 128 to land at wiper plug 133. After landing, ap- 
plied pressure releases wiper plug 133 aixl allows it to 

2S be pumped down to. and seal off. liner 122 at stage ce- 
menting tool 138. This displacement of wiper plug 133 
causes second stage of sealant 124b to fk>w through 
stage cementing tool 1 38 and into the annulus between 
lateral wellbore 104. main wellbore casing 106. and liner 

M 1 22 up to a top portion 134 of Uner 122, positkxiing seal- 
ant 124b throughout junctkm 100. Once W9>er plug 133 
lands at stage cementing tool 1 38, continued applcation 
of pressure moves stage cementing tool 138 to a third 
poettkxi. preventing further circulation or backHow cf 

35 sealant 124b. 

[0021] Sealant 124b is preferably a speciatizedmu^ 
tilateral Junction cementitious sealant, or a specialized 
multilateral junctnn elastomeric sealant A preferred ex- 
ample of such a cementitious sealant is M-SEALO soM 

40 by Halliburton Energy Senrices of Canotlton. Texas. 
Such cementitious sealants are characterized by rela- 
tively tow ductility and high compressive strength, as 
compared to such elastomeric sealants. A preferred ex- 
ample of such an elastomeric sealant is FL£X-CEM6 

45 soMbyHaBlburtonEnergyServcesofCanollton, Tex- 
as. Such elastomeric sealants are characterized by rel- 
atively high ductility and tow compressive strength, as 
conY«red to such cementittous sealants. ARemattvely. 
conventkxial cenwnt or a conventkxwl hardenabte resin 

so may be used as second stage sealant 124b. 

[0(tt2] Referringnow toFIQ. 3. an enlarged, schemat- 
ic, cross-eecttonal view of a completton apparatus 200 
according toa first, preferred embodiment of the present 
inventnn is shown disposed withn junctton 100. Com- 

ss pietton apparatus 200 preferably comprises a hoOow 
mandrel having a tower packing assembly 202. an upper 
packing assembly 204, and a pressurizatkxi assembly 
206. Completion apparatus 200 Is preferably coupled to 



4 



7 



EP 0 037 661 A2 



8 



wof1( String 128 above a supporting mandrel 140 for wip- 
er plugs 1 32 arxi 133. and lower packing assembly 202, 
Upper packing assembly 204. and pres&urization as- 
sembly 206 are preferably coupled k> each other by tool 
joints or other conventk)nal means <nct shown). Al- 
though not shown In FIGS. 1 and 2 for clarity of iflustra- 
tkxi, liner 1 22 is preferably formed with a ncyga shoulder 
1 42 and an annular polished bore receptacle 144 betow 
no^ shoukfer 142. 

[0023] As shown in FIGS. 3 and 4. k>wer packing as- 
sembV 202 preferably Includes a seal assembly 205. 
and a no-go sleeve 207 for mating with no-go shouUer 
142 of liner 122. Seal assembly 205 preferably compris- 
es a pluraSty of annular sealing elements 208. such as 
corwentional cKlngs or packtrig devk:es. ar)d an annular 
8paoarmBmber210. both of «rf)ich are disposed within 
an annular recess 212 on the external surface of kmw 
packing assernbly 202. Sealing elenrients 206 frictkxiany 
engage poEshed bore receptacle 1 44. whkit is kscated 
on the inner diameter of finer 122 and generally sur- 
rounds annular recess 212. Polished bora receptacle 
144 cooperates with annular sealing elements 206 to 
create a flukMighl seal 

|0024| Alternatively, as shown in RGS. 3 and 5, lower 
packing assembly 202 may comprise a oonventkanal 
packer 220 having sips 222, packing elements 224. and 
actuating means 226. Packer 220 may be hydrauHcally. 
mechanically, or hydraulkaBy and mechanically set via 
actuating means 226 so that packing elements 224 cre- 
ate a fluU tight seal against finer 122. As shown in FIG. 
5. when conventional packer 220 is used for k>werp8ck- 
kig assembly 202. Iner 122 may be formed without no- 
go shoukler 142. 1 desired. 

(00251 Upper packing assenMy 204 preferably has a 
substaniiidy similar structure 10 lower packing assam* 
biy 202. If sealaseembly 205 Is utibedtor lower packing 
assembly 202. upper packing assembly 204 preferably 
utiKzea a similar seal assembly that mates wHh a pol- 
ished bore receptacle tocated on the inner diameter o( 
Iner 122 betow liner hanger 130. If packer 220 is used 
for tower packing assembly 202. upper packing assent- 
bly 204 prefer^ utifizes a similar packer designed to 
operate within the inner diameter of liner 122 proximate 
liner hanger 1 30. However, as shomm in FIG. 3. upper 
packing asservfbly 204 does not lequife a n&90 sleeve. 
|002q Referring now to HQS. 3 and 6. an enlarged, 
schematic, aoas-aactksnal view ol pressurizatton as* 
sembly 206 is HhistrBled Pressurization assembly 206 
preferably comprises an a tower sub 250. an upper sub 
252 lefnovably coupled to tower sub 250. and a sealing 
sub 254 disposed wtthm tower sub 250. 
PXI27] Lower sub 250 preferably includes internally 
threaded ports 256a and 256b that provkle a fluto com- 
municating path between an axial bore 25B of lower sub 
250 andan annulus 146 (FIG. 3) defined by an external 
surface 260 of pressurization assembly 206. an internal 
surface of liner 122. tower packing assembly 202. and 
upper packing assembly 204. Conventional rupture 



disks 262a and 262b are preferably removably con- 
tained in ports 256a and 256b. respectively. When con- 
tained in ports 256a and 256b. rupture disks 262a and 
262b create a flukJ tight seal between the btertor of pres- 

5 surizatkxi assembly 206 and annulus 1 46. A preferred 
mpture disk for rupture disks 262a ar>d 262b is the disk 
sow by OWahonria Safety Equipment Company (OS- 
ECO) of Broken Arrow. Oklahoma 
[00281 Although not shown in RG. 6, other conven- 

10 txtna\ fluid bypass devk^ other than a nipture disk, 
such as a baB drop circulating valve, an internal pres- 
sure operated ctrculaling valve, or oOier conventkxial 
circulating valve may be operatively coupled with ports 
256a and 256b. A preferred internal pressure operated 

IS circutatkigvalveisthefPOCifculating>felvesoUbyHal- 
iburlon Energy Services of Carroi&on. Texas. All o< 
these RuM bypass devkM. inctoding rupture asks 262a 
and 262b, have a first mode of operation that does not 
attow flukl to ftow through ports 256a and 2S6b Into an- 

20 nutys 146. CMid a second mode of operatkx> that aaows 
fluM to ftow mrough ports 256a and 256b into annulus 
146. 

[0029] Lower sub 250 also preferably includes ports 
264a and 264b. Each of ports 264a and 264b provkle a 

2S fluid communicatktg path between the interior g4 pres- 
surizatksn assembly 206 and annufcis 146. Axial bore 
258 preferably has an annular shoukfer 265 and threads 
267 disposed above ports 264a and 264b. 
{0030] Sealing sub 254 preferably includes an annu- 

M lar supporting menriber 266 arid an annular, elastonoeric 
sleeve 268 coupled to a tower end of supporting mem- 
ber 266. Sleeve 268 is preferably adhesively coupled to 
supporting member 266 along a portkm 270 and shoul- 
der 272 of SMpport member 266. When coupled togeth- 

3S er. supporting member 266 and Sleeve 268 d^ine an 
axial bore 274 and an external surface 276. External 
surface 276 has an annular recess 278 proximate ports 
264a and 264b; a shouktor 280 for mating with shoulder 
265 of lower sub 250. and an annular stot 282 above 

40 annular recess 278. An 284 Is disposed in stol 
282 arxl creates a fluid tight seal between sealing sub 
254 and tower sub 250. In its undeftocted position, as 
shown In FIG. 6. a tower end 286 of sleeve 266 creates 
afhJkS tifi^ seal against axial bore 258 of bwer sub 250. 

45 iposi] Upper sub 252 preferably kxHudes an axial 
bore 288. an external surface 290. and a tower end 292. 
External surftea 290 preferably hcludes an mnuilar 
shouktor 294 for mating with tower sub 250. an annular 
stot 296. and threads 298 for removably engaging 

so threads 267 of tower sub 250. An o-ring 300 is disposed 
within annular stol 296 to create a fluto tight seal be- 
tween kiwer sub 250 and upper sub 25^ Lower end 292 
abuts support men^ 266 of sealing sub 254. 
[0032] leaving described ttie structure of oomptotton 

ss apparatus 200. the operation of completion apparatus 
200 so astooomplete junction 100 will nowbe described 
In greater detail Referring to FIGS. 1-6 in combination, 
after wiper plug 133 is landed at and seats df. stage 
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cementing tool 1 38. work string 1 28 is pulted above top 
portion 134 of liner 122. Excess sealant within work 
string 128 and above top portion 1 34 oT liner 122 is then 
circulated out of the weD. 

[0033] Next wort( string 128 is run into liner 122 until 
no-go sleeva 207 of tower packing assembly 202 con- 
tacts no>go shoulder 142 of liner 122. At this point, a 
flukJ tight seal is created between seal assembly 205 of 
tower packing assembly 202 and polished bore recep- 
tacle 144 of Hner 122. Alternatively, if packer 220 is uti- 
lized as tower packing assembly 202, packer 220 is set 
to create a fluki tight seal against Bner 122. Also at this 
point, a fluto tight seal b created between upper packing 
assembly 204 and liner 122 in a manner substantially 
simitar to that descrM irvvnecfiately above for tower 
packing assembly 202. NoiioBhoutoer 142 of liner 122 
is positioned within tatecal welbore 104 so that tower 
packing assembly 202 is tocated betow window 120, 
and so that upper packing assembly 204 is tocated 
above window 120. within junctton 100. 
[0034] When tower packing assenrlbly 202 and upper 
packing assert^ 204 use seal assemblies 205, the 
pressure on the drilling mud, water, or other fiukJ already 
withh annulus 146 will increase as tower paclOng as- 
sembly 202 and upper packing assembly 204 seal 
against liner 1 22. Before rK>-go sleeve 207 engages no- 
go shoutoer 142. such an increase in pressure, applied 
across the differential areas of tower packing assembly 
202 and upper packing assembly 204. may cause a hy- 
draulic tock effect preventing further insertion of worit 
string 1 28 into Hner 1 22. In additton, when tower packing 
assembly 202 and upper packing assembly 204 use 
conventtonal packers 220, a similar hydraulto tock effect 
may create problems for conventtonal packers 220 thai 
emptoy a downward setting motion. 
[0035] However, such an increase in pressure is re- 
lieved by sealing sub 254 of pressurizatton assembly 
206 in the following manner. Due to the Increase in pres- 
sure, fluid enters ports 264a and 264b to the poffit where 
it fills annular recess 278. The pressure in annular re- 
cess 278 buikJs to the point where lower end 286 of elas- 
tomerto sleeve 266 temporarily deflects inwardly, un- 
seaihgfrom axial bore 256of torwer sub 250. Such un- 
sealing altows fluk) to flow from annular recess 278 into 
the Interior of pressurizatton assembly 206. reducing the 
pressure in annutus 146 and eliminating the above^ 
scribed hydraulic tock problema. 
[0C36) Next, a fluto tight seal is created proximate the 
end of wort( string 128 betow lower packffig assembly 
202. Such a fluid tight seal is preferably fomned using a 
wire-line phig, by pumping a plug down woric string 1 28. 
or other conventtonal technques. A preferred phig is the 
X-ljock6 Plug soto by Halliburton Energy Sendees of 
Carrollton. Texas. 

[0037] Next, a fluM such as water or drilling mud is 
pumped down woric suing 1 28. Due to the fluid tight seal 
created by the plug at the end woric string 1 28, the pres- 
sure within pressurizatton assembly 206 is increased to 



the point where rupture disks 262a aixl 262b rupture. 
The rupturtog of rupture disks 262a and 262b places the 
interior of pressurization assembly 206 in fluki commu- 
nicatton with annutus 146 via ports 256a and 256b. Al- 
5 temaiively. if a flukI bypass devtoe other than njpture 
<Ssks are utilized, such pressurizatton causes the flukJ 
bypass device to enter its second mode of operatnn that 
altows fluki to flow through ports 256a and 256b to an- 
nuls 146. 

10 [0038] Next, the pressure within work string 128. and 
thus annuhjs 146. is preferably continuously and grad- 
ually kicreased so as to plastinfly deform the portton of 
Iner 122 between tower packing assembly 202 and up- 
per packing assembly 204 ratSaHy ouMArd towaid win- 

15 dow 120. mam welbore casing 106. and lateral wsltoore 
104. H wiU be appreciated that if a cementitioiis sealant 
or conventional oemenlis used for aealanl 124 proBd- 
nete junctton 100. such deformation of iner 122 must 
occur before the cementHfous soatanl or cement haid- 

20 ens.However.lfaneiastomeriesealantisusedforsaal* 
ant 124 proxknate Junction 100. such deformation may 
occur before, or after, the elastomeric sealant hardens 
due to the ductility of the sealant. 
[0039] Such def ormatton of liner 1 22 provtoes signif- 

2S leant ac^vantages in the completion of Junctton 100. First, 
as »ner 122 Is deformed radially outwaid. sealant 124 
ri the portton of the annutus between liner 122. main 
welS)ore casing 106. and lateral weObore 104 within 
junctton 100 is placed in oompresston. Such compres- 

30 sion provkJes a higher pressure rating for junctton 100 
during subsequent completion or productton operations 
in the multilateral well. 

[0040] Second.becau8ewindow120i8deflnedbythe 
mtersection of cylindrical main wallbore casing 1 06 and 

35 generally cylindrical taterat weHbora 104. window 120 
has a generally eUptnal shape, with a major axis gen- 
erally parallel to the tongitudinal axb of nr»in weflbore 
casv>g 106. Therefore, the outward deformatton of tiner 
122 vttortcs to ctose the joints or gaps between liner 122 

40 and window 120 present at the top and bottom d win- 
dow 1 20. Such Joint closure in tum minimizes leak paths, 
and thus leaks, within junction 100. in situattons where 
the outv^ard deformatton of liner 1 22 may result In metal 
to metal contact of liner 1 22 aid window 120, it Is pref- 

45 erabto to use a reinforced liner 122 to insure that any 
jaggedor sharp edges on window 120donol pieice liner 
122. 

(0041] Third, the outward deformation of finer 122 to- 
creases the inner diameter of liner 122. This increase In 

so inner diameter results in a larger flow path for petroteum 
from lateral welHwe 104. increasing the productivity d 
the welt. This increase in inner diameter also results in 
a larger ctoarartce for downhole tools to enter and exit 
lateral weltbore 104 during subsequent oomptotton or 

6S productton operations. 

[0042] It wQI be appreciated that after tiner 122 has 
been deformed radially outward via hydrautc pressure 
as described hereinabove, a second work string with a 
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siziriQ mandrel may optionally bo run down main well- 
bore casing 106 and through junction 100 to ineure ad- 
equate deformation of Oner 122. 
(0043) Referring now to FIG. 7\ an enlarged, schemat- 
ic, top sectional view of an altemate lateral liner 1 22a s 
that may be used in connection with completion appa- 
ratus 200 is illustrated, lateral liner 1 22a is formed with 
a grooved internal surface 500 and a grooved external 
surface 502. Liner 1 22a thus preferably has a cross-sec- 
tion 504 resembling a bellows. The geometry of grooved f o 
surfaces 500 and 502 f acU itate the outward deformation 
of liner 122a at lower pressures. A bwer pressure re- 
quirennent for tfie outward defomiation of liner 122a in 
turn reduces ttie risk of failure of the seals created by 
lower packing aasen^ly 202 and upper packing assem- fs 
biy 204. In addition, as compared 10 a iner with a gen- 
erally cylindrical croes-secHon. Bner 122a provktee a 
larger, expanded outer diameter from a smaller, unde- 
formed, run in outer diameter. As shown in FtO. 7. 
grooved surfaces 500 and 502 preferably comprise so 
grooves having a "sinusoktel* crose'eectkin. However, 
grooved surfaces 500 and 502 may alternatively com- 
prise grooves having a "saw tooth*. "Square tooth', or 
other cro86-eectk>nal geometry, tn addition, preferably 
only the portkm of liner 1 22a between kiwer packing as- 
sembly 202 and upper packing assemt>ly 204 is kxmed 
with grooved external surface 502, and the remainder 
of liner 122a is formed with a generally cylindrical exter- 
nal surface. 

[0044] Referring nowto FIG. 8. an enlarged, schemat- 
ic. cross-eectRXial. view of a packing assembly 600 and 
a liner 602 according to a seoorKl. preferred embodi- 
ment of the present inventkm are shown dtspoead within 
function 100. Packing assembly 600 Is preferably cou- 
pled to work string 128 above supporting mandrel 140. 
and packing assembly 600 preferably has a substantial- 
ly ktenticaJ structure to upper packirig assembly 204 of 
completion apparatus 200. Uner 602 is preferably com- 
prised of an upper section 604. a tower section 606. and 
a tool Joint or other oonvenltonal coupling mechanism 
608 coupling upper sectton 604 and tower sectton 606. 
Alternatively, liner 602 can be machhed to have upper 
section 604 and tower sectton 606. without the need tor 
a coupling mechanism 600. 

pXMq If seal assembly 205 is utilized for packing as- 
sembly 600. finer 602 preferably includes a polished 
bore receptacle 610 located on the inner diameter of lin- 
er 602 t>etow liner hanger 130. If packer 220 is used for 
packing assembly 600. polished bore receptacle 610 
may be eliminated, if desired. 

[0046] As shown in FtG. 9A. upper sectksn 604 and 
tower section 606 are made from the same material or 
casir>g grade. By way of illustration only, both upper sec- 
Inn 604 and tower sectton 606 may be made of casing 
grade API N-80, whk:h has a yield strength of approxi- 
matety 80.000 psi (552 MPa). Upper sectton 604 pref- 
erably has a generally cylindrk^l axial tx>re 610 and a 
generally cylindrical external surface 612. Lower section 



606 preferably has a generally cylindrkal axial bore 61 4 
a generally cylindrical external surface 618. However, 
upper section 604 has a wall thbkness 618 smaller than 
a wa0 thickness 620 of tower section 606. 
[0047] As shown to FIG. 9B. upper sectkNi 604a pref- 
erably has a genemily cylindrical axial bore 610a and a 
generally cylirKSrical external surface 612a. Lower sec- 
tion 606a has a generally cylindrical axial bore 614a a 
generally cylindrical external surface 616a. Upper sec* 
tton 604a has a wall thtokness 618a substantially toen- 
tical to a waO thickness 620a of tower sectton 606a. 
However, upper section 604a and tower section 606a 
are made from different materials or casing grades. 
More specificatly. upper section 604a Is made from a 
material or casing grade havtog a lower yiekl stianglh 
than the tratarfal or casing grade of towar MCtkn 606a. 
By way of MustiHtlon only, upper section 604a may be 
made from casing grade API K 55. which has a ytoto 
strength of approximaiely 55.000 psi (379 MPa). and 
tower section 606a may be nrade of casing grade API , 
N-80. which has a ytoto strength of approodmately 
80.000 psi (552 MPa). 

100461 In RG. 9A, upper section 604 may also be 
made from a casing grade having a tower yieU strength 
that the casng grade used to make tower section 606. 
Although not shown to FIG. 9B, upper sectton 604a may 
also be fonned with a smaller wall thickness 618a than 
wail thickness 620a of tower sectkxi 606a. 
10048] It is beBaved that by varying the wan thfekness 
anchor castog grade of upper section 604 relatHre to the 
wall thickness antifor casing grade of lower sednn 606. 
asdescrbed hereinabove, the design of Kner 602 may 
be optimized so that for a given internal pressure, upper 
section 604 plasttoany deforms to a radtaOy outward dl- 
rection. and tower section 606 does not axliibit substan- 
tial radial deformation. 

IPOSO] Having described the stnjcture of packtog as- 
sembly 600 and finer 602. the operatton of these appa- 
ratus 90 as to complete junctton 100 wiU now be de- 
scribed to greater detail. Refening to FIGS. 1 . 2, 4. 5. 8. 
9A and 9B to combination, after wiper plug 133 is land- 
ed at. and seals off. stage cementing toot 138. work 
string 128 is pulled above top portksn 134 of finer 602. 
Excess sealant withto work string 128 and above top 
portton 1 34 of Itoer 602 Is then circulated out of the wen. 
[0061] Next. wori( string 128isnin into finer 602 unia 
seal assembly 205 of packtog assembly 600 creates a 
fluid tight seal against polished bore receptade 610 of 
Uner 602. An increase to pressure may be obsenred top 
hole by conventional pressure measuring devices when 
seal assembly 205 is property seated against poOshed 
bore receptacto 610. Alternatively, if packer 220 is uti- 
lized as packing assembly 600. packer 220 Is set to cre- 
ate a fluki tight seal agatosi Itoer 602 betow finer hanger 
130. 

[0052] Next, a fluid such as water or drifiing nmjd is 
pumped down work string 1 28. Due to the fluid tight seal 
created by packing assembly 600 against liner 602. fluki 
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eventually fills all of Nner 602 below packing assembly 
600 down to ¥«per plug 133 sealed in stage cementing 
toot 138. The pressure within work string 128. and thus 
liner 602. is preferably continuousty and gradually in- 
creased 60 as to plastically deform upper section 604 
radiaRy outward toward window 1 20. the portion o( main 
wellbore casing 1 06 proximate window 1 20. and the por- 
tion ol lateral wellbore 104 proximate window 120. As 
the defomiation of upper section 604 occurs, lower sec- 
tion 606 preferably does not exhibH substantial radial 
deformation. 

[0053] Such deformation of upper section 604 pro- 
vides subslanUatly the same, significant advantages in 
the completion of junction 100 as described hefetn- 
above for oonv>lot^e«)pa^tua 200 Jnadcfitkxi. upper 
•ection604may be fornied with an external Buiface612 
•Mtar to QfDO^ external surface 502 of Ra 7. If de- 
siredL 

[00641 Relerrirjg now to FIG. 10, an enlarged, sche- 
malie. top sectional view of an aftemato lateral liner 700 
thai may bo used in connection with completion appa- 
ratus 200, or in the upper section 604 of liner 602. Is 
illustrated. Uner 700 has an interior cross-section 702 
made from etoel. steel alloys, plastic, or other generally 
non-elastomeric materialB conventionally used for later- 
al there. Interior cross-eection 702 has an axial bore 
704. UierTOOfurtherhas an exterior cross-eection 706 
made from rubber or another conventional elastomeric 
material When liner 700 Is surrounded by sealant 124 
and plastically deformed as described hereinabove, ex- 
terior cross-section 706 insures an adequate seal o« 
junction 100. Alternatively, liner 700 may be plastically 
deformed as deecribedherenabove but without the use 
of sealant 124 In certain completions. In such comple- 
tion^ •xtoriorcrose-eection 706 IteeB seals against win- 
dow120. main wellbore easing 106, and tatamlwelbore 
104. 

[00S51 From the above, one skilled in the art wiO ap- 
preciate that the present invention provides improved 
apparatus and methods for completing weilbores. The 
present invention provides such improved completion 
without inhinUng the amount or rate ol well production, 
or substantially increasing the cost or complexity of tiie 
completion of ttie weNbore. Signlficantty. the present in- 
vention allows the operations of ninning a lateral liner, 
sealing a laterErf liner, and plastically delonning a lateral 
liner to be accomplished in a single downhole trip. The 
apparatus and methods of the present invention are 
economlcaltomanufacture and use inavariety of down- 
hole appKcations. 

fjOOSBl The present invention is iBustrated herein by 
example, and varkxjs modifications may be made by a 
person of ordinary skai in the art. For example, numer- 
ous geometries and^or relative dimensions could be al- 
tered to a cco mm odate specific applicatione of the 
present invention. As another example, although ttie 
present invention has been described in connection with 
tt>e completion of a junction between a main wellbore 



and a lateral weUbore in a multitateral well, it is fully ap- 
plicable to the corrpletion of a junction between a lateral 
wellbore and a second lateral wetl)ore extending from 
the laleral weUbore, to complet«on operations pertormed 
5 in other portions of a lateral weltoore other than such a 
junction, to completion operations performed in other 
portions of a main vralBxxe. to casing repair operations, 
or to window closures. 

[0057] It Is thus befieved that the operation and con- 
10 struction of the present invention wiH be apparent from 
the foregoing description. While the method and appa- 
ratus shown or described has been characterized as be- 
ing preferred it will be obvious that various changes and 
modifications may be made. 

15 

Cletme 

1. Acon^letlon apparatus for coMplingtoaworiistring 
20 (128) and for use within a liner (122) G« a weDbore. 

conpristfig: a first packing assenibly (202) for cre- 
ating a fluid tight seat against the Nner (122); a sec- 
ond packing assembly (204) for creating a second 
fluid tight seal against the liner (122); and a pres- 
25 surizatkxi assembly (206) disposed between the 
first and second packing assemblies (202,204). 

2. A completion apparatus according to claim 1, 
wherein the pressurization assembly (206) com- 

30 prises a port (256a,256b) opening to an annulus 
(146) defined by the pressurization assembly (206). 
the liner (1 22), Xtie first packing assembly (202). and 
the second packing assembly (204). 

35 3. A completion apparatus acoordir>g to claim 2. fur- 
ther comprising a flukl bypass devtee operaUvely 
coupled with tiw port (2S6a.256b) for not avowing 
fluU oommunicatkyi with the annulus ( 1 46) in a first 
mode of operatkxi. and for aUowing hydraulic pres- 
to 8urizatkxYortheannukis(146)inaseoondmodeQf 
operatkx). 

A, A completion apparatus according to claim 3. 
wt>erein the pressurization assembly (206) oom- 
45 prises a second port (264a.284b) and a sealing sub 
(2S4) OperaUvely coupled with tiie second port 
(264a,264b) tor relieving pressure in the annulus 
(146) when the first and second packing assemuttes 
(202,204) are sealed against the Uner (122). 

so 

5. Acompletion apparatus according to daim 3 or 4. 
%Hherein the hydraulic pressurization of the annulus 
(146) causes a portkxi of tt)e liner (122) between 
the first packing assembly (202) and the second 

S5 packing assembly (204) to deform in a radially out- 
ward direction. 

6. A completion apparatus according to daim % 4 or 
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5. Wherein the fluid bypass device comprises a rup- 
ture cSsk (262a.262b). 

7. A convtetion apparatus accofdir»g to any preceding 
claim, wtwein the liner (122) is adapted to be dis- 
posed within a junction (100) betx^en a main well- 
t)ore (102) and a lateral welibore (104) in a multilat- 
eral well. 

& Acompletion apparatus accorcfingtoany preceding 
claim, wherein the first and second packing assem- 
blies (202.204) comprise seal assemblies that mate 
with polished bore receptacles (144) located h the 
Iner022). 

a Aoompletnn apparatus accoidiho to any preceding 
dakn. wherein the first and second paddng assem- 
blies (202.204) comprise packers. 

ia AoompletionapparatusaccorcSngtoanypraceding 
daim. wherein at least a portkxi ol the liner (122) 
has grooved internal and external surfaces. 

11. A completion apparatus according to any preceding 
dalm. wherein at least a portion of the finer (122) 
has an interior cross-eectton made from a generally 
non*elaslomeric material, and an extertor cross- 
section made from a generally elastomeric material. 

12. AoompletkMapparatusaccordingioanypreceding 
claim, wherein the welboro is a lateral welDbore 
(104). 

13. A method of completing a welibore. comprising the 
steps of: disposing a inor (122) in a welbore; oou- 
pihg a first packing assembly (202). a pressuriza- 
tk>n assembly (206). and a second pacUng assem- 
bly (204) to a work string (12B); ninning the work 
string (128) into the liner (122); creating a fiuki tight 
seal between the first packing assembly (202) and 
the liner (122); creating a fluid tight seal between 
the second packing assembly (204) and the liner 
(122); pumping fluki down the work string to the 
pressurizotion assembly (206); utilizing the pres- 
surizatkm assembly (206) and the fluid to pressu- 
rize an annulus (146) defined by the pressurizatkm 
assembly (206). the Iner (1 22). the fiist packing as- 
sembly (202). and the second packing assembly 
(204); and increasing a pressure in the annulus 
(146) so as to deform the liner (122) in a radially 
outward direction. 

14. A method according to claim 13. wherein the utiliz- 
ing step comprises actuating a fluid bypass device 
in the pressurizatkyi asserT4)ly (206) to provkfe a 
fluid communicating path between an interior of ttie 
pressurizatnn assembly (206) and the annulus 
(146). 



1 5. A method according to claim 1 3 or 14, wherein the 
flrst and second packing asaeniblies (202.204) 
comprise seal assemblies that mate with polished 
bore receptacles (144) located in the Kner (1 22). 

5 

16. A method according to claim 13, 14 or 15, wherein 
the flrst and second packing assemblies (202.204) 
comprise packers. 

10 17. A method according to daim 13, 14. 15 or 16, 
wherein at least a portion of the liner (122) has 
grooved intsmal and external surfaces. 

1& A method according to any one of claims 13 to 17. 
IS further comprising the step of flukfly sealing the 
worii string (1 2B) proBumate the first paddng assem- 
bly (202). 

10. A method according to any one of claims 13 to 16. 
so wherein the step of disposing the liner (122) com- 
prises: coupling the Bner (122) to an end of the wDric 
string (128); and ntnning the wort( string (128) Into 
the welbore. 

25 20. Amethodacoordingtodaim 19. further comprising 
the step d disposing a sealant (124) in a second 
annulus defined by the liner (1 22) and the weHbore. 

21. A method according to dalm 20 wherein the stspd 
30 dispostng8ealant(124)CQmpri8espumping8ealam 

ihrou^ the woric string (128), the second paddng 
assenrMy (204). the pressurizatton assembly (206). 
the first paddng asserriMy (202). andthe liner (122). 
and into the second annulus. 

35 

22. A method accordhg to any one of claims 13 to 21. 
wherein at least a portkxi of the liner (122) has an 
interior cross-sedion made from a generally non- 
elastomeric material, and an Merior cross-sedion 

40 made from a generally elastomeric material. 

23. A method a c cording to any one of claims 13to22. 
wherein the disposing step comp ri ses d i s posing the 
Hner (122) in a junction (100) between a main well- 

45 bore (102) and a lateral welbore (104). 

24. A method accoRfing to claim 23. wherein the nm- 
ning step comprises running the work string (128) 
into the liner (122) until the first packing assembly 

so (202) is disposed after the junction (100) and the 
second packing assenbly (204) Is disposed before 
the junction (100). 

25. A method d completing a weRbore. comprising the 
ss steps of: disposing a liner (602) in a wefbwe. the 

liner (602) having a first sedton (604) and a second 
section (606). the first section (604) being dekxm- 
able in a radially outward diredion at a lower pres- 
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sure than the second section (606); coupling a 
packing assembly (600) to a wofk string (1 28): run- 
ning the wcxK string (128) into the liner (128); cre- 
ating a fluid tight seal between the paclung assem- 
bly and the iiner (602); pumping fluid down the work 
string (128) to pressurize an interiof ol the liner 
(602) atter the packing assembly (600); and In- 
creasing a pressure in the interior of the lirter (602) 
GO as to deform the first section (604) of the liner 
(602) in a radialty outward directkxi 

26. A method according to claim 25. wherein the first 
sectnn (604) and the second section (604) are 
made from an identical casing grade, and the first 
tection (604) has a smaBer wail thickness than the 
second soclion. 

27. A method according to claim 25. wherein the first 
sodkjn and the second section (604.606) have an 
identk:al wall thickness, the first sectkxi (604) is 
made from a first casing grade, and the second sec- 
tkxi (606) is made from a second casing grade hav- 
ing a yieU strength higher than the first casing 
grade. 

2a. A method according to claim 25. wherein: the first 
sectkm (604) is made from a flist casing grade and 
has a first waB thickness; and the second sectkx) 
(606) is made from a second casing grade having 
a hi^er yieU strength than the first casing grade, 
and the second section (606) has a second wall 
ttiickness greater than the first wall thfekness. 

29l AmelhodacoonSngloanyoneolclalm8 25to28. 
whefeh the packing assembly (600) comprises a 
seal assenMy thai mates with a polished bore re- 
ceptacle (610) k)cated in the liner (600). 

90l a method according to any one of claims 25 to 29. 
wherein the packing assembly (602) comprises a 
packer. 

31. A method according to any one ol claims 25 to 30. 
wherein al least a portion of the first sectnn (604) 
of the Uner (602) has grooved internal and external 
surfaces. 

32. Ame1hodai»oidinQtoBnyoneofclairns25to31» 
wherein the step of disposing the liner (602) com- 
prises: coupling the Uner (602) to an end of the work 
string (128); and nmning the work string (128) into 
the wellbore. 

33. A method according to any one d claims 25 to 32, 
further comprising the step of cfisposing a sealant 
(124) in an annulus defined by the liner (602) and 
the wellbore. 



34. A method according to claim 33. wherein the step 
of disposing sealant (1 24) comprises pumping seal- 
ant through the work string (126). the packing as- 
sembly (600). and the Hner (602). and into the an- 

5 nukjs. 

35. A method according to any one of claims 25 to 34. 
wherein the first sectkxi (604) has an interior cross- 
section made from a generally non-eiastomeric ma* 

10 terial. and an exterbr cross-sectkm made from a 
generally etastomeric material. 

36. A method according to any one of claims 25 to 35. 
wherein the disposing step comprises disposing the 

15 Bfter (602) in a Junction (1 02) between a main well- 
bore (102) and a lateral wellbore (104) so that the 
first sectkm (604) extends throughout the JuncQon 
000). 

so 37. A method according to claim 36. wherein the run- 
ning step comprises running the work string (128) 
into the liner (602) until the packing assembly (600) 
is disposed before the junctkxt (600). 

26 
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